Sea Otter Studies in Glacier Bay National
Park and Preserve

Photo by R. Davis

ANNUAL REPORT 2002

James L. Bodkin'
Kimberly A. Kloecker'
George G. Esslinger’
Daniel H. Monson'
Heather A. Coletti’
Janet Doherty’

'United States Geological Survey
Alaska Science Center
1011 East Tudor Road
Anchorage, Alaska 99503

?United States National Park Service
Glacier Bay National Park and Preserve
1 Park Road
P.O. Box 140
Gustavus, Alaska 99826






INTRODUCGTION...ccuuiiieiensrinnesnessessaessssssnsssessssssessasssssssssssessasssssssssssssssssssssassssssssssassans 7
DISTRIBUTION AND ABUNDANCE OF SEA OTTERS IN GLACIER BAY AND

CROSS SOUND ..ccutiiuiinicnisnissecssnssncssecsssssssssesssssssssssssssssesssssssssssssssssssssasssssssssssssssssssses 13
IMEETHODS ...ttt ettt ettt st e s sb e b s sbeenesanens 13
DIiSIFIDULION SUTVEYS....c..ooeiiiiiiiiiiiiii ittt 13
ADUNAANCE SUFVOYS ...ttt et e e s 13
RESULTS ettt ettt st sttt 15
DISTFIDULION SUFVEYS........oeeeieeee ettt e 15
ABUNAANCE SUFVEYS ...ttt 15
DISCUSSION ....iiiiiiiiiiiiiiieieeie ettt sttt s sb et s sbeene e 16
SEA OTTER FORAGING BEHAVIOR . .....uiiniinicninensnecssissnsssesssissssssscsssssessane 21
IMEETHODS ...ttt ettt ettt sttt s sb e e sbeenesane s 21
Site and focal animal SElection ..................c.ccccccociviiiiiiiiiiiiniiiiiiiee e 21
Data COIIECIOd ..ottt 22
ARGLYSIS ..ottt ettt 22
RESULTS L.ttt et st sbe e s 22
Prey COMPOSITION. ..........cocuveviiiiiiiiiiiice et 22
Prey NUmber And Size..............ccooccuiiiiiiiiiiieeie et 24
DISCUSSION ...ttt ettt ettt st s et s e eeneesane 25
SUBTIDAL CLAM POPULATIONS IN AREAS WITH AND WITHOUT SEA
OTTERS 29
IMEETHODS ...ttt ettt ettt et sb e b e sbeenesane s 29
STEE SCLECIION ...ttt 29
SAMPIING PFOIOCOL .........c..ooeeiieieeeie ettt 32
ARGLYSIS <.t ettt en 33
RESULTS ettt sttt sttt sttt et et s e et san e e e e naee 33
Bivalve Species DIVEFSIty.........cccccocuveiiiieiiieeeeie e et 34
DICHISILY ..ottt ettt et 35
EStimated BIOMASS ............c..cccoiiiiiiiiiiiie it 39
Mean Size and Size DiStFIDULIONS .............ccccoueiiiiiiiiiiiiieii et 44
DISCUSSION ....iiiiiiiiieiiieiiete ettt ettt ettt ettt et e be e earesb e ae s sbeeneeanens 54
CONCLUSIONS .uuiiiiitisinsnissnnssesssnsssssssssstsssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssss 57
ACKNOWLEDGEMENTS ...uiinnieninsensnssensesssssssssssssasssssssssssssssssasssssssssssssssssssssasssssses 59
REFERENCES.......uooiiitiitininsnicsnisesssissssssesssissssssssssissssssessssssssssssssssssssssssssssssssssssssns 61
APPENDICES ....cucouiiiininsuinsnnsensanssssssssssnssssssssssssssssasssssssssssssssssssssssssssssssssssssssssssassssssss 63
APPENDIX A. SAMPLING PROTOCOL FOR AERIAL SURVEYS......c..ccceevenin. 64
OVErvIew Of SUFVEY AESIGN ...........cccuueeeieieeiiieeeiie et 64
PUOTIGRE ..ot 65
ODSErvation CONAITIONS ...........ccc.ceieiiiiiii ittt 66
ODSEFVEF JATIGUE. ...ttt 66
VESSEL QACHIVILY ...ttt ettt e e e e e s 66
Special rules re@arding ISU’S.............ccccooiouiiiiiiiiiiieeie et 66
Unique RADItAL fEATUTES...............ccoeeeieeeeiiieeiie et s 67
Planning an Qerial SUFVEY ..............cc.ccoeeiiiiiiiiiiieeie ettt 68



APPENDIX B. PROTOCOL FOR DETERMINING SEA OTTER DIET BASED ON

VISUAL OBSERVATIONS. ...ttt 71
GENEFAl DESCIIDIION. ...t e 71
Forage observation protocol ...................cccccoivciiiiiiiiiiiiiieeie e 71
Site and Focal Animal SeleCtion...................ccccccooveiiiiiiiiiiiiiiiiiiiiicse e 72
Data Collected ................ocouoiiiiiiiiiiiiiee et 72
REJOTEICES ... 75

APPENDIX C. PROTOCOL FOR ESTIMATING SUBTIDAL CLAM SPECIES,

DENSITY, AND SIZES. ...ttt st 76
L0 PUFPDOSE ...t 76
2.0 DEfIRTTIONS .........oceeeeeeeeeeee ettt ettt aae e e snseennees 76
3.0 SAMPIING PIAN ..ottt 76
4.0 Sampling ProCeUre.................ccccouiiueeiiieeiiieeeiee e e enee e 77
5.0 QUAlity ASSUFANCE. ........cc.eeieiiieii ettt 79

APPENDIX D. RE-ANALYSIS OF SEA OTTER FORAGE DATA BASED ON

UPDATED PREY SIZE CLASSES. ...ttt 80

APPENDIX E. SUBTIDAL CLAM STUDY SITE LOCATIONS IN GLACIER BAY.

....................................................................................................................................... 82



Summary

Since 1995, the number of sea otters in Glacier Bay proper has increased from around 5
to more than 1200. Sea otter distribution is mostly limited to the Lower Bay, south of
Sandy Cove, and is not continuous within that area. Concentrations occur in the vicinity
of Sita Reef and Boulder Island and between Pt. Carolus and Rush Pt. on the west side of
the Bay, although there have been occasional sightings north of Sandy Cove (Figure 1).
Large portions of the Bay remain unoccupied by sea otters, but recolonization is
occurring rapidly.

Most prey recovered by sea otters in Glacier Bay are ecologically, commercially, or
socially important species. In 2002 sea otter diet consisted of 35% clam, 26% mussel,
3% crab, 3.0% snail, 2% starfish, 11% urchins, 2% other, and 20% unidentified.
Dominant clam species include the butter clam, Saxidomus gigantea, the Greenland
cockle, Serripes groenlandicus, and the littleneck clam, Protothaca staminea. Urchins
are primarily green urchins, Strongylocentrotus droebachiensis, and the mussel is
Modiolus modiolus. Crabs observed in 2002 include the Dungeness, Cancer magister,
the kelp crab Pugettia gracilis, and the helmet crab, Telmessus cherigonus. Although we
characterize diet at broad geographic scales, we have previously found diet to vary
between sites separated by as little as several hundred meters. Dietary variation among
and within sites can reflect differences in prey availability as well as individual
specialization.

We estimated species composition, density, biomass, and sizes of subtidal clams, urchins,
and mussels at 13 sites in Glacier Bay and 5 sites in nearby Port Althorp, where sea otters
have been present for at least 20 years. All sites were selected based on the presence of
abundant clam siphons and the absence of sea otters (Glacier Bay) or abundant shell litter
and the presence of sea otters (Port Althorp). Glacier Bay sites were selected to achieve a
broad geographic sample of dense subtidal clam beds within Glacier Bay prior to
occupation and foraging by sea otters. Port Althorp sites were chosen to achieve a
representative sample of subtidal clam beds already under prolonged foraging pressure by
sea otters. There was no direct evidence of otter foraging at any of our Glacier Bay
sampling sites.

In Glacier Bay, we sampled 15,338 bivalves (average of 1,180/site) representing 14
species of clam, 2 species of mussel, and a single scallop and we sampled 6,917 urchins
(average of 513/site). In Port Althorp, we sampled 1,034 bivalves (average of 207/site)
representing 14 species of clam. We found only 5 urchins, all S. droebachiensis. Mean
densities and biomass of all subtidal clams were significantly greater in Glacier Bay (59.2
and 99/0.25m” compared to Port Althorp (10.3 and 5.8/0.25m” (p<0.002 for both).

Our contrasts of subtidal clam populations between Glacier Bay and Port Althorp suggest
that clam densities will likely decline by about a factor of six and that clam biomass
estimates will decline by more than a factor of ten. Numerically dominant species of
clams, P. staminea, S. gigantea, Macoma sp. and Mya sp. were all significantly greater in
density and biomass in Glacier Bay, while C. nutalli density was low but significantly
higher in Port Althorp. Subtidal clam species diversity was significantly greater in Port
Althorp compared to Glacier Bay, although this may simply reflect habitat differences.
Sea urchin densities were high in Glacier Bay, while in Port Althorp urchins were
virtually absent.



Sea otters are now well established in limited areas of the lower portions of Glacier Bay.
It is likely that distribution and numbers of sea otters will continue to increase in Glacier
Bay in the near future. Glacier Bay supports large and diverse populations of clams that
are largely unexploited by sea otters at present. It is predictable that the density and sizes
of clam populations will decline in response to otter predation. This will result in fewer
opportunities for human harvest, but will also trigger ecosystem level changes, as prey
for other predators, such as octopus, sea stars, fishes, birds and mammals are modified.
Sea otters will also modify benthic habitats through excavation of sediments required to
extract burrowing infauna such as clams. Effects of sediment disturbance by foraging sea
otters are not understood. Glacier Bay also supports large populations of other preferred
sea otter prey, such as king (Paralithodes sp.), tanner (Chionoecetes sp.) and dungeness
(Cancer magister) crabs and green sea urchins (S. droebachiensis). As the colonization
of Park waters by sea otters continues, it is also likely that dramatic changes will occur in
the species composition, abundance, and size class distribution of many components of
the nearshore marine ecosystem. Many of the changes will occur as a direct result of
predation by sea otters. Others will result from indirect or cascading effects of sea otter
foraging, such as increased kelp production and modified prey availability for other
nearshore predators. Without recognizing and quantifying the extent of change initiated
by the colonization of Glacier Bay by sea otters, management of nearshore resources will
be severely constrained for many decades.



Introduction

Sea otters (Enhydra lutris) began recolonizing Glacier Bay in 1993, following at least
two centuries of absence. Profound changes in the structure and function of the
nearshore marine community, mediated largely through prey consumption by this top-
level carnivore, can be anticipated. Understanding the effects of sea otter recovery in
Glacier Bay requires at least three types of data, 1) estimates of sea otter abundance and
distribution, 2) estimates of sea otter diet and predation rates, and 3) measures of the
species composition, abundance and sizes of species comprising the nearshore marine
community prior to sea otter colonization. Our purpose here is to report on the status of
each of these data sets following work accomplished in 2002.

Sea otters provide one of the best-documented examples of top-down forcing effects on
the structure and functioning of nearshore marine ecosystems (Estes and Duggins 1995;
Kenyon 1969; Riedman and Estes 1990; VanBlaricom and Estes 1988). During most of
the early 20" century, sea otters were absent from large portions of previously occupied
habitat. Our understanding of the role of sea otters as a source of community variation
has been aided by the spatial and temporal patterns of sea otter population recovery over
the past 50 years. During the absence of sea otters, many of their prey populations
responded to reduced predation. Typical population responses included increasing mean
size, density, and biomass. One well-documented case (sea urchin, Strongylocentrotus
spp) illustrates the prey population response, subsequent profound changes in community
organization, and cascading effects throughout the nearshore ecosystem that result from
the removal of sea otters (Estes and Palmisano 1974).

Nearshore marine communities in the north Pacific are described as occurring in two
alternative stable states, one in the absence of sea otters, and the other in their presence
(Simenstad et al. 1978). When sea otters are present in the nearshore system, herbivorous
sea urchin populations are limited in density and size by sea otter predation. Grazing and
the role of herbivory is a relatively minor attribute of this system and attached
macroalgae or kelps dominate primary production. This nearshore ecosystem, commonly
referred to as a kelp-dominated system, is characterized by high diversity and biomass of
red and brown kelps that provide structure in the water column and habitat for
invertebrates and fishes that, in turn, support higher trophic levels, such as other fishes,
birds and mammals. Once sea otters are removed from the kelp-dominated system, sea
urchin populations respond through increases in density, mean size and total biomass.
Expanding urchin populations exert increasing grazing pressure, eventually resulting in
near complete removal of kelps. This system is characterized by abundant and large sea
urchin populations, a lack of attached kelps and the associated habitat structure they
provide, and reduced abundances of kelp-dependent invertebrates, fishes and some higher
trophic level fishes, birds and mammals. The urchin-dominated community is commonly
referred to as an “urchin barren”.

Other species of sea otter prey respond similarly, at least in terms of density, size and
biomass, to reduced sea otter predation. In some instances, humans eventually developed
commercial fisheries for species of marine invertebrates that would likely not have been
possible had sea otters not been eliminated. Examples of Pacific coast fisheries that exist
(or existed), at least in part, because of sea otter removal include, abalone (Halitosis spp),
sea urchin (Strongylocentrotus spp.), clams (Tivela sultorum, Saxidomus spp., Protothaca
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sp.), crab (Cancer spp, Chionoecetes spp, Paralithoides spp), and spiny lobster (Panuliris
interruptus).

Since the middle of the 20™ century, sea otter populations have been rapidly reclaiming
previous habitats, due to natural dispersal and reintroductions by state and federal
agencies. Following the recovery of sea otters, scientists have continued to provide
descriptions of nearshore marine communities and therefore have been able to provide
contrasts in those communities observed before and after the sea otters return. At least
three distinct approaches have proven valuable in understanding the effects of sea otters
(Estes and Duggins 1995; Estes and Van Blaricom 1988; Kvitek et al 1992). One is
contrasting communities over time, before and after recolonization by sea otters. This
approach, in concert with appropriate controls, provides an experimentally rigorous and
powerful study design allowing inference to the cause of the observed changes in
experimental areas. Another approach consists of contrasting different areas at the same
time, those with, and those without the experimental treatment (in this case sea otters). A
third approach entails experimentally manipulating community attributes (e.g., urchin
grazing) and observing community response, usually in both treatment and control areas.
All three approaches currently present themselves in southeast Alaska, including Glacier
Bay National Park and Preserve.

Beginning in 1965, sea otters were reintroduced into southeast Alaska (Jameson et al.
1982). Although small numbers of sea otters have been present on the outer coast of SE
Alaska for at least 30 years, only in the past few years have they been found in Icy Strait
and Glacier Bay proper (Pitcher 1989, J. Bodkin unpub. data). It is a reasonably safe
prediction, based on data from other sites in the north Pacific, that profound changes in the
abundance and species composition of the nearshore benthic invertebrate communities
(including economically, ecologically, and culturally valuable taxa such as urchins, clams,
mussels, and crabs) can be anticipated as sea otters reoccupy prior habitat and enter new
areas. Furthermore, it is likely that cascading changes in the vertebrate fauna such as
fishes, sea birds and possibly other mammals, of Glacier Bay can be expected over the next
decade. It is apparent that those changes are beginning now. During 2002 we estimated
that greater than 1200 sea otters were present in the Lower Bay (Figure 1 and Table 1).
However, large areas of suitable sea otter habitat remain unoccupied in Glacier Bay,
providing appropriate controls. The current distribution of sea otters in Icy Strait and
Glacier Bay provides the setting for the use of the before/after control/treatment design that
has proven so powerful elsewhere, and will permit assigning cause to changes observed in
Glacier Bay as a result of sea otter colonization.

Table 1. Counts or sea otter population size estimates (*) for Lower Glacier Bay, AK.

Year # Sea Otters Observed/Estimated Percentage Increase
1994 0

1995 5

1996 39

1997 21

1998 209

1999 384* .

2000 554%* 44.3

2001 1238* 123.5

2002 1266* 23
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Impacts of sea otters, if not quantified, will likely preclude, or at least severely limit the
ability of Park management to identify changes or cause of variation in coastal
communities. At worst, Park management could misinterpret the cause of observed
ecosystem changes. Infaunal bivalves currently constitute a major proportion of the
biomass in benthic marine habitats of Glacier Bay (Bodkin et al. 2001, 2002). These
bivalves support large populations of both vertebrate (fishes, birds, and mammals) and
invertebrate (octopus and sea stars) predators. It is likely that otter foraging will result in
reduced infaunal bivalve densities that will subsequently drive changes in species
composition and abundance of other predator populations (Kvitek et al. 1992; 1993).
Understanding the effects of sea otter predation will be critical to appropriately managing
the Park’s marine resources. Because the effects of sea otters will likely be large,
understanding changes in the community independent of sea otters will be difficult unless
sea otter effects can be controlled for.

In 1993 the Alaska Science Center began work to understand the effects of sea otters in
Glacier Bay, including study of sea otter abundance, diet and prey populations. The
objective of this report is to describe studies specific to understanding community level
effects of sea otter colonization in Glacier Bay, particularly trends in sea otter population,
diet, and subtidal clam populations. A secondary aim of this report is to identify
expected changes in benthic marine communities in Glacier Bay that may result from sea
otter colonization.

This annual report presents the result of work completed from 1993 to 2002 on surveys of
sea otter abundance and distribution and subtidal clam surveys. Because we summarized
sea otter food habit studies over the period 1993-2000 in our 2000 Annual Report
(Bodkin et al. 2001) and 2001 observations in that year’s annual report (Bodkin et. al.
2002), we include in this report results of foraging observations made in calendar year
2002 and also present a summary of previous forage results relative to prey sizes in
Appendix D. We include here results of our subtidal clam sampling in 2001 and 2002.
This report represents the cooperative efforts of the USGS, ASC and the NPS, Glacier
Bay National Park and Preserve.
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Distribution and Abundance of Sea Otters
In Glacier Bay and Cross Sound
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Distribution and Abundance of Sea Otters In Glacier Bay
and Cross Sound

Surveys of sea otters are conducted to estimate how distribution and abundance change
over time. The results of the surveys provide one of the three critical data sets required to
understand how the ecosystem responds to sea otter recolonization. We conducted two
types of surveys of in Glacier Bay and surrounding waters. The first type, carried out
since 1994, is designed to estimate the distribution and relative abundance, and is referred
to as a distribution survey. During distribution surveys all otters observed are recorded on
maps and search intensity is not controlled. The results of distribution surveys cannot be
used as estimates of total abundance, as detection rates are not estimated and observers,
aircraft, and pilots change between surveys. The other survey type is an abundance
survey with a systematic sampling of transects within a specific area of interest. Survey
conditions are closely controlled and detection of otters is estimated independently for
each abundance survey. The results of abundance surveys provide a measure of
distribution, as well as an estimate of abundance, and can be used to calculate densities
and trends. Although abundance surveys provide more information, they are more costly.
Abundance surveys in Glacier Bay were completed annually from 1999-2002.

Methods

Distribution Surveys

All shoreline habitats in Cross Sound, Icy Strait, and Glacier Bay where sea otters occur,
out to at least the 40 m bathymetric contour were surveyed. Flight tracks were flown
parallel to shore when water < 20 m extends > 1 km from the shoreline (e.g. Dundas and
Berg bays). Surveys were flown at the slowest speed safe for the aircraft in use, and at
the lowest safe altitude. In May 1999 and 2000, and June 2001, distribution surveys were
flown at 65 mph and 91m in a Bellanca Scout. From 1994-2001, distribution surveys
were conducted in Cross Sound and Icy Strait. However, a distribution survey of Cross
Sound and Icy Straits was not conducted in 2002 because an aerial survey of abundance
of northern SE Alaska was conducted. This abundance survey provides distribution
information, but not relative abundance data.

Abundance Surveys

Aerial survey methods followed Bodkin and Udevitz (1999) and consisted of two
components: 1) strip transects, and 2) intensive search units to estimate the probability of
detecting otters along strips. Sea otter habitat is sampled in two strata, an expected high
and low density, distinguished by distance from shore and bathymetry (Figure 2). Survey
effort is allocated proportional to expected abundance by systematically adjusting spacing
of transects within each stratum. A single observer surveys transects 400 m wide at an
airspeed of 65 mph (29 m/sec) and an altitude of 300 ft (91 m). Strip transect data
included date, transect number, location, group size and activity. A group is defined as
one or more otters separated by less than 4 m. Pups are combined with adults for
population estimation because large pups are often indistinguishable from adults and
small pups can be difficult to sight from aircraft. All group locations are digitized by
survey into ARC/INFO coverages (Figure 3). Transect end points are identified by
latitude/longitude coordinates in ARC/INFO and displayed visually in an aeronautical
global positioning system (GPS) in the aircraft.
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Fig. 2. One of five transect designs used during a sea otter abundance
aerial survey in Glacier Bay National Park, May 2002.
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Intensive searches were conducted systematically along strip transects to estimate the
proportion of animals not detected during strip counts.

The survey design consisted of 18 strip transect projections constructed in a GIS
coverage (ARC/INFO) comprised of 3 possible sets of high density transects and 6 sets of
low density transects (Figure 2). Transects are charted throughout Glacier Bay, but this
survey focused on the lower Bay (Figure 2) since sea otters do not yet occur in the upper
bay. The 2002 lower bay survey area included 272 km? of high-density stratum and 278
km? of low-density stratum. Five replicates were randomly selected from the 18 possible
combinations. Between 6 and 18 May 2002, a single observer surveyed four replicates
from a Bellanca Scout. One observer flew the 1999 and 2000 abundance surveys, while
another observer flew the 2001 and 2002 surveys. The same pilot flew all four Glacier
Bay abundance surveys. See Appendix A for a detailed description of the survey
methods used.

Results

Distribution Surveys

Distribution surveys in Cross Sound and Icy Strait were conducted each year from 1994-
2001. In June 2002, we conducted an abundance survey of northern SE Alaska, from
Cape Ommaney on Baranof Island to Icy Pt. North of Cape Spencer and included Cross
Sound and Icy Straits. Because this survey was designed to estimate abundance, results
of numbers of otters observed are not comparable to prior years distribution surveys and
are not included in Table 2. In terms of sea otter distribution in Cross Sound and Icy
Strait, the pattern we observed in 2002 was similar to the previous several years (Table
2). Primary changes in sea otter distribution from 1994-2002 include population
expansion into Glacier Bay and east of Gustavus (Porpoise Island and Excursion Inlet).
Relatively little expansion has occurred along the south side of Icy Strait.

Abundance Surveys

The four replicate surveys required approximately 40 hours of flight time to complete,
including transit to and from Bartlett Cove. The mean of these four individual replicates
yielded an adjusted population size estimate of 1266 (SE = 196) (Table 2). All group
locations were digitized into ARC/INFO coverages (Figure 3).

The estimate of 1266 sea otters in 2002 represents a 2% increase over the 2001 estimate.
The 2001 estimate represented an increase of 123% above the 2000 estimate and likely
resulted from both production of sea otters within Glacier Bay and immigration of sea
otters from outside the Bay. The 2% increase observed in 2002 is below the theoretical
maximum population increase of about 19% (Estes 1990) and previously observed rates
of increase in SE Alaska (Bodkin et al. 1999).

The larger sea otter survey we conducted in 2002 included all areas of known sea otter
occupation in northern Southeast Alaska (Cape Ommaney on Baranof Island and north to
Cape Spencer, and including Cross Sound and Icy Strait). Our estimate of sea otter
abundance in this survey area (excluding Glacier Bay was 1,922 (se=317). Including the
1,266 sea otters estimated in Glacier Bay, the total sea otter population in northern
Southeast Alaska is 3,188. The most recent prior sea otter survey of northern Southeast
Alaska was conducted in 1987 (Pitcher 1989) resulted in a count 2,248. It appears as
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though growth in sea otter abundance since 1987 is largely manifested in recolonization
and increase within Glacier Bay.

Table 2. Results of Cross Sound/Icy Strait sea otter distribution surveys and abundance
surveys in Glacier Bay proper in 1999 - 2002 (abundance estimates bolded). Counts are
presented as # adults/# pups, while a period means ‘no data’. Abundance estimates
include pups (Bodkin and Udevitz 1999). (* 2001 estimate of 1,590 revised from 2001
reported value following re-analysis)

Date May- May- Mar- Aug- May- | Mar- May- May- Jun- Feb- Jun-
94 95 96 96 97 98 99 00 01 02 02

Aircraft Scout Scout 172 172 Scout 185 Scout Scout Scout Scout Scout

Survey Area

Spencer —

Pt Wimbledon | 6920 60/9 31/4 192 43/3 8 6 7 52/27

Pt Wimbledon- | 5, 23 18 52 24 52 27 46 38/2

Pt Dundas

Pt Dundas — 0 12/1 411 | 178/4 10 1 17 0 8/1

Pt Gustavus

Glacier Bay N

Proper 5 39 0 21 209 384 554 | 1238 308/4 | 1266

Excursion Inlet . . . . . 7 1 0 0

Pt Couverden . . . . . 2 . 0 0

Pt Gustavus - 29/0 94/1 73 21 161 8 18 57 129/1 63

Porpoise Is

Cannery Pt -

Crist Pt 0 0 0 0 0 0 0

Crist Pt - 55 15/3 301 | 171 | 9215 | 23 97/3 2 62/19

Gull Cove

Lemesurier Is 33/8 62/23 56/2 | 47/8 | 14332 | 10 67/17 11 76/33 48

Gull Pt — 77 81 48 141 94 3 90 139 95

Pt Lavinia

Inian Ts 31/19 | 36/16 /1 | 3012 | 3178 10 18/4 9 46/16

Pt Lavinia - 100/31 | 159/73 | 42/3 | 94/21 | 14825 | 31 21/7 88/11 84/26

Column Pt

TOTAL 431/69 | 547/126 | 389/12 | 580/49 | 767/83 | 364 | 746/31 | 913/11 | 1828/125

Discussion

The results of the sea otter distribution and abundance surveys suggest a large-scale
pattern in population distribution and growth in the region of Icy Strait and Glacier Bay.
As recolonization of previously occupied habitat has occurred in Icy Strait over the past
several years, sea otters had at least two choices in their direction of immigration, either
east in Icy Strait, toward Lynn Canal, or north into Glacier Bay (Figure 1). Our
distribution and abundance survey data suggest movement of portions of the Icy
Strait/Cross Sound sea otter population into Glacier Bay during 2001/2002.

The 2002 abundance estimate for Glacier Bay is essentially unchanged from the 2001
estimate (Table 2). The distribution of sea otters in Glacier Bay and Cross Sound/Icy
Straits in 2002 was similar to prior years. The largest concentrations of sea otters in
Glacier Bay continue to inhabit areas surrounding Boulder Island, Flapjack Island, and
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Sita Reef (Figure 3). The north side of Point Carolus also continues to harbor large
groups of sea otters. The sea otters counted south of Point Gustavus are likely males
since no pups were observed and large groups of males have been periodically observed
here in the past.

The number of sea otters occupying Glacier Bay is increasing rapidly, from a count of 5
in 1995 to an estimated 1266 in 2002 (Table 1). This increase is undoubtedly due to both
immigration of adults and juveniles, as well as reproduction by females in the Bay, as
evidenced by the increasing number of dependent pups.

This rapid increase has serious and immediate consequences to management of marine
resources in the Park. Predation by sea otters on a variety of invertebrates, including
several species of crab, clams, mussels, and urchins will likely have profound effects on
the benthic community structure and function of the Glacier Bay ecosystem (see foraging
observations). Continuing sea otter surveys and studies of benthic communities will
provide valuable information to those responsible for managing Park resources.
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Figure 3. Sea otter group locations from 4 replicate aerial surveys in Glacier

Bay National Park, May 2002 (spot size proportional to group size).
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Sea Otter Foraging Behavior

Observations of sea otter foraging behavior in 2002 were carried out in Glacier Bay to
determine prey types, numbers, and sizes consumed by sea otters. Foraging data from
nearly 5,000 dives, collected from 1993 to 2000, are reported in the 2000 Annual Report
(Bodkin et al. 2001) and data from the ~450 successful dives observed in 2001 are
reported in the 2001 Annual Report (Bodkin et. al. 2002). Here we report the 2002 data
independently.

Foraging work in 2002 consisted of shore based observations at sites within Glacier Bay.
Observations of foraging sea otters provide information on food habits, foraging success
(proportion successful feeding dives), and efficiency, based on prey numbers, types and
sizes obtained by feeding animals. Data on sea otter food habits and foraging efficiency
will prove useful when examining differences (if any) in prey densities, and size-class
distributions between areas impacted by sea otters and those not affected. These data will
also aid managers in identifying resources and habitat crucial to the Park’s sea otter
population.

Methods

Sea otter diet was estimated during shore-based observations of foraging otters following
a standard protocol (Appendix B). Shore based observations limit data collection to sea
otters feeding within approximately 1 km of shore. High power telescopes (Questar
Corp., New Hope, PA) and 10X binoculars were used to observe and record prey type,
number, and size during foraging “bouts” of focal animals. A “bout” consists of
observations of a series of dives by a focal animal while it remains in view and continues
to forage (Calkins 1978). Prey sizes are estimated relative to an estimated mean sea otter
paw width. As we collect additional morphometric data in other studies, this reference
value can change. The data from 2002 was analyzed with a revised value for sea otter
mean paw width. Results from the re-analysis of forage prey size data from the 2000 and
2001 Annual Reports (Bodkin et al. 2000, 2001) are found in Appendix D. Because
dives within a bout are not independent (Doroff and DeGange 1994) we report forage
success and prey sizes on a per bout basis.

Sea otters in the study area are generally not individually identifiable. Therefore,
individuals may have been observed more than once without our knowledge. To
minimize this potential bias, foraging observations were made throughout the major study
areas, and attempts were made to record foraging observations from as many sites as
possible.

Site and focal animal selection

Information regarding feeding locations for sea otters was gathered during travels
throughout the Park for other aspects of this study (see Sea Otter Surveys) as well as from
Park personnel and other visitors. Foraging data were collected from as many identified
feeding locations as possible. If more than one foraging animal was detected at any
particular observation site, then the first animal sampled was randomly selected by coin
toss, and after completion of the bout the process repeated with the remaining animals.
Observations continued at the site until each available animal was observed for a
maximum of 30 dives, or otters had stopped foraging or left the area. Data were not
collected on dependent pups.
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Data collected

For each bout, the date, site, observer, estimated age (adult or juvenile), sex, and
reproductive status (independent or with pup) were recorded. For each dive, observers
recorded starting and ending foraging bout times, dive time (time underwater), surface
interval (time on the surface between dives), dive success (prey captured or not), prey
identification (lowest possible taxon), prey number, and prey size category (see Appendix
B, revised since 2001 Annual Report prepared). Individual dives within a bout were
numbered sequentially, and individual bouts were uniquely numbered within the data set.

Analysis

For each site where foraging data were collected, we calculated (1) prey composition as
the proportion of dives that resulted in the recovery of at least one of eight different prey
types (clam, crab, mussel, snail, sea star, urchin, other, or unidentified); (2) mean number
of prey items captured per dive; (3) mean size of prey captured per dive; and (4) success
rate (prey brought to the surface or not). We report summary statistics (mean and sd
where appropriate) for the latter three variables, on a per bout basis.

Results

During 2002, we observed 285 sea otter foraging dives; 244 where the focal otter
recovered at least one prey item, 37 unsuccessful and 4 dives with unknown outcomes.
Five dives were observed in the Beardslee Islands, 53 from Leland Island, 174 in Secret
Bay, and 53 at Sita Reef (Figure 1). Sea otters successfully recovered prey on 85% of
these dives. Mean dive time was 65 seconds (s) and mean surface interval was 64s.
Since 1993, we have observed sea otters feeding on at least 30 different prey items
including bivalves, decapod crustaceans, gastropods, and echinoderms (Table 3). One
new prey species in Glacier Bay was observed in 2002. In March, we observed one sea
otter recover and consume a kelp crab (Pugettia sp.) at the mouth of Secret Bay.

Prey Composition

The prey composition of sea otter diets in 2002 was similar to previous years. In 2002
we observed 408 prey items recovered in 244 successful foraging dives. Overall diet was
composed of 36% clam, 3% crabs, 26% mussel, 11% urchin, 2% other and 20%
unidentified (Table 4). At the Leland Island site otters ate mainly mussels (M. modiolus
and unknown mussels, 74%), followed by green urchins (S. droebachiensis, 18%) (Table
4). At the Secret Bay site, otters ate clams (46%), urchins (9%), and mussels (M.
modiolus and M. trossulus) (6%) (Table 4). At Sita Reef, mussels (all M. modiolus)
comprised 37% of the diet, clams 36%, and urchins 10% (Table 4).
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Table 3. List of prey items that sea otters were observed consuming in southeast Alaska,
1993-2002.

Phylum Class Prey Item
(Subphylum) (Order) (Genus, species)
Porifera sponge
Mollusca
Polyplacaphora Cryptochiton stelleri
Gastropod Fusitriton oregonensis,

Neptunea spp., limpet

Bivalvia Entodesma navicula, Gari californica,
Macoma spp., Mya truncata, Mya spp.,
Protothaca staminea, Saxidomus gigantea,
Clinocardium nutallii, Serripes
groenlandicus, Modiolus modiolus, Mytilus
trossulus, Pododesmus macroschisma,

Chlamys spp.
Cephalopoda Octopus dofleini
Echiura Echiurus spp.
Arthropoda
(Crustacea)
Cirripedia
(Decapoda)  Cancer magister, Chionoecetes bairdi,
Oregonia gracilis, Pandalus sp.,
Paralithodes camtschatica, Telmessus
cheiragonus, Pugettia sp.
Echinodermata
Asteroidea Pycnopodia helianthoides, Solaster spp.
Ophiuroidea Ophiurid spp., Gorgonocephalus caryi
Echinoidea Strongylocentrotus droebachiensis, S.
franciscanus
Holothuroidea Cucumaria fallax
Chordata
Osteichthyes fish (unknown species)
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Table 4. Percentage of dives with each prey type present, 2002. ‘Other’ category
consists of worms, octopus, fish, sponges, sea cucumbers, chitons, non-clam/mussel
bivalves, barnacles, and sea peaches. ‘Unid’ category represents prey that could not be
identified due to visual obstruction. Values for individual sites are given below the area
(GLBA, and bold values represent the total values by area). Unsuccessful dives and
those with unknown success were not included in #dive values.

Ared (#dives)  Clam Crab Mussel Snail Star Urchin  Other Unid

Site
GLBA (244) 34.7 2.6 25.7 3.0 1.5 10.6 1.9 20
Beardslee (4) 0 100 0 0 0 0 0 0
Leland Is. (48) 2.0 0 73.5 0 0 18.4 0 6.1
Secret Bay (142)  45.8 1.3 6.5 4.6 2.6 8.5 2.6 28.1

Sita Reef (50) 35.6 1.7 37.3 1.7 0 10.2 1.7 11.9

Prey Number and Size

On dives when specific prey types were observed, the mean number and sizes of
individuals of that prey type were calculated (Figures 4 and 5). On average, sea otters
recovered 1.9 prey items per dive in 2002. In Glacier Bay, sea otters retrieved an average
(sd) of 1.2 clams (0.3), 1.0 crab (0), 2.2 mussels (0.9), or 2.4 urchins (1.3) per dive. The
mean size (sd) of clams recovered was 58.6mm (18), crabs: 78.0mm (52), mussels:
77.9mm (31), and urchins: 54.5mm (13).
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Figure 4. Mean number per dive and standard deviations of the primary prey items
recovered by sea otters during observations of foraging behavior in Glacier Bay in 2002.
The number of bouts for each prey type was: clam 9, crab 3, mussel 7, and urchin 6.
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Figure 5. Mean size and standard deviations of the primary prey items recovered by sea
otters during observations of foraging behavior in Glacier Bay in 2002. The number of
bouts for each prey type was: clam 9, crab 3, mussel 7, and urchin 6.

Discussion

Sea otters we observed are foraging with an average success rate of about 86% in Glacier
Bay. This is similar to rates reported for California and Alaska of 70-90% (Riedman and
Estes 1990, Doroff and Bodkin 1994). Perhaps more importantly, in Glacier Bay they are
recovering large, and often multiple, calorically valuable prey. The diet of sea otters in
and around Glacier Bay consists largely of invertebrates that reside in unconsolidated
sediments such as mud, sand, gravel or cobble (Tables 3, 4). Bivalve clams dominated
the diet, although in some areas other prey can be important components of the diet. In
2002 we found mussels (M. modiolus) and green urchins (S. droebachiensis) to be
relatively important at Leland Island and Sita Reef. These differences likely reflect
habitat differences among areas and corresponding differences in macro-invertebrate
populations available to sea otters.

Our understanding of processes that affect coastal marine communities, particularly
unconsolidated sediment habitats, is relatively poor. Continued observations of sea otter
foraging in Glacier Bay as colonization continues will provide a critical component to our
understanding of how sea otter foraging affects coastal marine communities.
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Subtidal Clam Populations
in Areas with and without Sea Otters
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Subtidal Clam Populations in Areas with and without
Sea Otters

We studied subtidal clam populations to document species composition, abundance, and
size distributions of the dominant invertebrate prey prior to the sea otter’s occupation of
benthic habitats in Glacier Bay. Proper documentation will allow description of eventual
changes resulting from sea otter foraging. In this annual report, we describe subtidal
clam species composition, species diversity, size distribution, density, and biomass from
our sampling of unconsolidated sediment habitats in Glacier Bay in 2001/2002 and in
Port Althorp in 2002. Our intent in sampling subtidal clams in Port Althorp was to
provide a contrast to Glacier Bay, from a nearby and similar habitat, where sea otters
have been present for at least 20 years. In prior years we studied intertidal clam
populations in Glacier Bay and Port Althorp. Results of earlier work are reported in
Bodkin et al. (2001, 2002).

Methods

Site Selection

Our goal was to locate 8-10 subtidal clam beds in lower Glacier Bay that had not been
depredated by sea otters so we could estimate subtidal clam species diversity, density,
and biomass in the absence of sea otters. In 2001, nine sites (Figure 6) were identified
and sampled based on the following criteria: 1) proximity to areas occupied by sea otters,
2) spatial separation from other sites, 3) relatively high clam densities, as determined by
the search method detailed below. Due to the rapid increase in the Glacier Bay sea otter
population, the initial goal of sampling lower Bay was expanded to include the upper
Bay. In 2002, 4 additional sites were sampled in Glacier Bay (Figure 6) and 5 sites were
sampled in nearby Port Althorp (Figure 7). The five 2002 Glacier Bay sites were chosen
from both arms of the upper Bay while still utilizing criteria 2 and 3 (above). Port
Althorp was chosen because sea otters have been resident there for >20 years, we have
extensive foraging data on sea otters from that area, and we sampled 12 intertidal sites in
2000 (Bodkin et al. 2001). Port Althorp site selection was based on the following
criterion: 1) proximity to areas of known sea otter foraging, 2) spatial separation from
other sites, and 3) relatively high clam densities as estimated by the observation of
abundant shell litter on scouting dives. Because no sites were selected randomly or
systematically, we do not make inference to areas beyond each site sampled.

We used a fisheye underwater drop camera or divers to locate the presence of clam
siphons or clam shell litter to identify clam beds. Searching the benthos with a drop
camera made it possible to scan the bottom quickly and cover more area than we could
via SCUBA divers. Due to the logistical constraints of underwater sampling at deeper
depths, we narrowed our search to subtidal habitats less than 12 meters deep at high
water, even though sea otters are capable of diving to depth of 100 m (Newby 1975).
When abundant clam populations were located, GPS coordinates were recorded so divers
could relocate the site for sampling. It is recognized that this method of site selection is
potentially biased in favor of clams with longer, larger, or more visually striking siphons.
For example, Clinocardium nuttallii siphons are large (2.5-5 cm) with hairy tips and
white globules on the rim; Saxidomus gigantea siphons are large and cream colored with
black tips; while Macoma spp siphons are small (<2.5 cm) and lie along the substrate;
Mpya truncata siphons are small, smooth, and dark; and mussel siphons are short or
nonexistent (Harbo 1997).
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Figure 6. Subtidal sampling sites in Glacier Bay, 2001 and 2002. Geikie, Blue Mouse,
Wachusett, and Sealer were sampled in 2002, all others in 2001. Green circles indicate
sampling sites.
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Figure 7. Subtidal sampling sites in Port Althorp, Alaska, in 2002. Green circles indicate
sampling sites.
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Sampling Protocol

The sampling protocol was adapted from a subtidal clam sampling protocol used in
Prince William Sound, Alaska (Appendix C). Power analyses based on data from
preliminary dredging in Glacier Bay indicated that we needed to sample 20 quadrats
(0.25m”) per site in order to detect a 50% change in clam densities with 90% confidence.
We originally planned to sample along a 50 m long by 0.5 m wide transect (25 m?)
because this size seemed large enough for the acquisition of 20 samples, small enough to
fit within the spatial scale of most clam beds, and small enough to minimize the amount
of time spent moving dredging equipment. However, we soon discovered that a 50 m
long transect could include areas outside the identified clam bed, leading to increased
variance in sample estimates. To reduce variance, we modified our design to sample a 20
m x 20 m grid (400 m?). The sampling design looks similar to a wheel with 12 spokes
(Figure 8). The spokes are simply compass headings separated from one another by 30
degrees. Quadrat locations were determined by overlaying a 20 x 20 meter grid and
randomly selecting cells until we had 20 cells that intersected with spokes. Quadrats that
intersected a spoke less than 2 meters from a previously selected quadrat were eliminated
along with any that fell outside the circle. This modified sampling design increases the
area we sample (314 m?), reduces variance among quadrats sampled and requires less
time to sample. The field methodology employed to carry out this sampling design is
briefly described below, and thoroughly in the 2001 Annual Report (Bodkin et al, 2002).
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Figure 8. Subtidal sampling design used in Glacier Bay National Park and Port Althorp,
2001 and 2002.
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Divers prepared the site for sampling by installing a sand anchor to mark the center of the
20 m diameter-sampling circle (origin). Divers then clipped into this anchor and swam
fiberglass tapes out to 10 m on N, S, E, and W compass headings to look for clam
siphons and clam shell litter. The origin was moved when necessary to ensure that the
sampling circle was located, as entirely as possible, over the clam bed. Once the final
origin was established, a new set of GPS coordinates were taken and a temporary buoy
line was attached to the anchor. During subsequent dives, divers navigated to the
predetermined quadrat location and position a 0.5 x 0.5 m aluminum quadrat frame (0.25
m®). After recording siphon count and substrate classification, divers collected urchins,
crabs, and visible clams by hand. Then one diver dredged the quadrat while the other
diver manually removed larger clams. Smaller clams were sucked along with the
sediment into another mesh bag on the exhaust hose. Quadrats were excavated to a depth
of at least 25cm or until no more clams were found. Divers then returned to the boat, the
mesh bags were recovered and the sediments sieved through 10mm mesh screens to
locate smaller clams. All bivalves (as well as crabs and urchins) were identified to the
lowest possible taxa, counted, and measured to the nearest millimeter. Sediments and
fauna were returned to Glacier Bay following data collection.

Analysis

For each site sampled we calculated the following: 1) Shannon-Weiner diversity index
(H'), 2) mean density of clams / 0.25 m” by species and in aggregate, 3) mean biomass
(g/0.25 m?) by species and in aggregate, and 4) the size class distribution of clams
collected from each area by species. Biomass was estimated from published length to
biomass conversions specific to clam taxa (Dean et al 2002). H' was compared between
areas (Glacier Bay sites grouped vs. Port Althorp sites grouped) using a t-test. The mean
density of bivalves / 0.25 m? including all bivalves in aggregate as well as individual
species separately, were compared between Glacier Bay and Port Althorp with t tests.
Mean biomass (g/0.25 m?) and mean size were compared between areas with t tests,
although mean size was only analyzed by species. Mean sizes of species within Glacier
Bay were contrasted with one-way ANOVA. Mann-Whitney rank sum tests (T) were
used when the data failed the normality test. Size frequency distributions were compared
between areas using the Kolomogorov-Smirnov test. Chi-square tests were used for
comparisons of size class distributions within Glacier Bay. Statistical tests were only
used for species represented adequately in both areas (N>38). Because Clinocardium
nutalli occurred in only a few sites we present only between area results. A further
reminder must be stated, that our sampling of subtidal clams does not allow inference
beyond the approximately 400 m’ sampled at each site.

Results

We sampled subtidal clam and sea urchin populations at 9 sites in Glacier Bay in 2001, 4
in 2002 (Figure 6), and 5 in Port Althorp in 2002 (Figure 7). In Glacier Bay we identified
14 clam species, 2 species of mussels, 1 scallop, 1 snail, and 1 urchin species (Table 5).
In Port Althorp we identified 14 clam species, 1 snail, 1 crab, and 1 urchin species (Table
5). The species of bivalves and urchin we encountered and their frequencies of
occurrence are presented in Table 5. Protothaca staminea, and Macoma sp. were the
most common bivalves at Glacier Bay; while Protothaca staminea, and Mya truncata
were the most common at Port Althorp subtidal sites.
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Table 5. Species of bivalves and urchins and frequency of occurrence from sites in
Glacier Bay and Pt Althorp. () is abbreviation used in figures. More than one species
have been given the same abbreviation when lumped in analyses. SCA is a scallop,

MOM and MUS are mussels, STD is an urchin, while the remaining species are clams.

Percent is percent of all bivalves; urchins are not included in the bivalve calculation.
Species (or lumped species) with a frequency for both areas > 39 were included in

between area t-tests.

Glacier Bay Sites Pt Althorp Sites

Species Frequency Percent | Frequency Percent
Chlamys sp. (SCA) 1 <0.1

Modiolus modiolus (MOM) 59 0.4

Unidentified mussel (MUS) 13 0.1 .
Clinocardium nutalli (CLN) 43 0.3 39 3.8
Entodesma navicula (ENN) 9 0.1 . .
Gari californica (GAC) . . 3 0.3
Hiatella arctica (HIS) 37 0.2 . .
Hiatella sp. (HIS) 636 4.2 1 0.1
Humalaria kennerleyi (HUK) 3 <0.1 . .
Solen sicarius (SS]) 1 0.1
Lucinoma annulata (LUA) . . 28 2.7
Macoma sp. (MAS) 4608 30.0 46 4.5
Macoma nasuta (MAS) . . 69 6.7
Mactromeris polynyma (MAP) 304 2.0 2 0.2
Mactridae sp. (MSP) 10 1.0
Mya arenaria (MYS) . . 1 0.1
Mya sp. (MYS) 42 0.3 1 .01
Mya truncata (MYS) 1584 10.3 224 21.7
Panomya ampla (PAA) 9 0.1 . .
Parvalucina tenuisculpta (PAT) . . 174 16.8
Protothaca staminea (PRS) 4722 30.8 301 290.1
Saxidomus gigantea (SAG) 2643 17.2 93 9.0
Serripes groenlandicus (SEQG) 462 3.0 1 0.1
Tellina bodegensis (TES) . 1 0.1
Tellina modesta (TES) . . 39 3.8
Tellina sp. (TES) 5 <0.1

Yoldia sp. (YOS) 153 1.0

Unidentified clam (CLA) 3 <0.1 .
Strongylocentrotus droebachiensis (STD) 6917 5

Bivalve Species Diversity

The Shannon-Wiener diversity index (H') was calculated for the bivalve community at
each site. This index accounts for species richness (total number of species present) as
well as their relative proportions, so rare individuals do not have undue influence on H'.
Diversity values for each of the 13 Glacier Bay and 5 Port Althorp sites we sampled are
presented in Table 6. Mean species diversity among Glacier Bay sites sampled was 1.73
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(sd=0.33) and 2.21 (0.51) for Port Althorp sites (t =-2.333, 16DF, p=0.033). The
theoretical maximum H', based on the total number of different species observed, is 4.0
and 3.81 for Glacier Bay and Port Althorp, respectively.

Table 6. Shannon-Weiner diversity index values (H') for subtidal bivalve samples.

Glacier Bay H' Port Althorp '
Sites Sites
Berg 1.40 | Head-Althorp 2.23
Blue Mouse 1.26 Library 1.62
Drake 2.05 | Oyster Farm  2.76
Geikie 2.00 Saltchuck 2.65
Johnson 2.41 Strawberry 1.76
Leland 1.54
N. Fingers 1.89
Puffin 1.80
Sealer 1.64
Secret 1.34
Strawberry 1.39
Sturgess 1.91
Wachusett 1.84
Mean 1.73* Mean 2.21

* Difference between areas significant, t=-2.33, p=0.033

Density

Average densities of subtidal bivalves were nearly 6 times greater in Glacier Bay
compared to Port Althorp (Table 7). The mean number of bivalves per quadrat over all
sites sampled was significantly greater in Glacier Bay (59.2) than in Port Althorp (10.3)
(T=15.0, p<0.002). At Glacier Bay sites, the mean numbers of bivalves per quadrat
ranged from 18.0 at Secret Bay to 151.4 at Johnson Cove (Table 7). At Port Althorp
sites, the mean numbers of bivalves per quadrat ranged from 5.1 at the Head of Althorp
site to 14.7 at the Oyster Farm site (Table 7).

Mean clam density varied by species. P. staminea had the highest mean density in both
study areas (Table 8). In Glacier Bay, P. staminea was followed by Macoma sp., S.
gigantea, Mya sp., and S. groenlandicus. In Port Althorp, P. staminea was followed by
P. tenuisculpta, Macoma sp., Mya sp., and S. gigantea. There were fewer than 0.5/ 0.25
m” of the other bivalve species. Mean density and standard error of these clams are
presented by site in Figures 9-14. In all figures Port Althorp data are represented by red
bars and Glacier Bay by blue bars.

The mean numbers of green urchins, S. droebechiensis (STD), per quadrat over all sites
sampled was 26.7 for Glacier Bay. The mean numbers of urchins per quadrat ranged
from 10.8 at Leland Island to 47.2 at N. Fingers (Table 7). At all Port Althorp sites
combined, only five urchins were observed, so descriptive statistics were not calculat